Keywords Abstract
INTRODUCTION
With the current and predicted growth of urban populations, there is a necessity to reconsider the sustainability of cities (Adams, 2011) . As part of this process of global urbanisation, one of the most important challenges will be retrofitting the existing suburbs (Talen, 2011) . The questions of how to make suburbs more sustainable are listed as one of three major tasks for cities (Bugliarello, 2006) . One of the central concerns within this trend is urban sprawl and the integration of density and concentration. In recent years there has been an increase in research that focuses on the sustainability of suburbia, as well as proliferation of rating systems that are assessing the sustainability of suburban neighbourhoods. However, sustainability and suburbia are two, almost paradoxical, concepts in their essential meaning. Suburban development predominantly consists of detached houses one or two stories high, producing a very low density in addition to mono-functional spaces and vast distances; thus resulting in a heavily car dependant way of life. In contrast with suburbia, sustainable cities promote high density, compact urban form and mixed-use function with integrated public transport.
On the other hand, if sustainability is defined as the survival of society, then it is most often linked with liveability and the quality of life (Bugliarello, 2006: 24) . Privacy is highly affected in dense areas and we might argue that those positive aspects of the suburban way of life, which make it more liveable, are discarded as part of sustainable development agendas. Living in detached housing, having space, privacy and a rural sense of connection to land, together with separation of functions and having quiet neighbourhoods, are some of important elements which influence why people still chose to live in suburbs (Grant, 2002: 78) and define them as 'liveable'. In addition, increasing density and generating a more compact way of living, is often associated with neoliberal intentions of maximising profit and minimising the quality of living space (Crabtree, 2005) . While it does create a more energy efficient way of living, it neglects some aspects of liveability; the sustainability agendas are currently focusing on generating more dense areas without looking at the quality of these spaces and how to transform suburbia to be more sustainable.
There are various approaches to sustainable cities, Green City, Smart City and Compact City are some of the most prominent current approaches in theory. However, almost no discussion is focusing on sustainable suburbs (Davison, 2006) . Usually suburbia in literature is treated as 'other' urban areas that need to be retrofitted to become more compact and denser (Kashef, 2009: 89) . There are four approaches identified in literature that aim to overcome the problems of current unsustainable cities. There are those that are inspiring from middle age European small cities (Neotraditional Developments, such as New Urbanism) or those related with legislation (Urban Containment, an approach proposing to simply define the boundary and stop further spread of the city) and Compact City and EcoCity approaches (Jabareen, 2006) . All these concepts are observing sustainable suburbs from the aspects of densification. In addition, when discussing sustainable suburbia in research, most often, densification, mobility strategies and walkable distances to everyday functions are put forward. Sustainable urban form is defined through density, diversity, connectivity, accessibility and connectedness to other places (Talen, 2011:961) . However, there are other important aspects of sustainability, such as social and cultural (Roisman, 1998) , which are rarely discussed as part of sustainable suburbia. Because these approaches aim to transform suburbia into urban areas, there is a lot of rejection of dealing with the sustainability of suburbia. However, the population living in suburban developments continues to rise and if we do want to consider a more sustainable future, this issue will need to be addressed.
There are also almost no discussions on what we are trying to sustain in the definition of suburban sustainability. Depending on how we define sustainability, we could discuss various forms of sustainable cities. In addition to lack of discussions on what we are trying to sustain in our current cities, there is a question of the measurability of sustainability. Although it has been recognised in literature that there is a challenge to applying the compact city principles to existing suburbs (Williams, Joynt, & Hopkins, 2010) , there are almost no considerations on characteristics of new suburbs that are claiming to be sustainable. Nearly all cities have, as part of their future planning developments, the word sustainability in their agendas; with some cities already applying sustainability measures. However, aside from the governments saying that they are developing sustainable suburbia, without any clear definition of the aspects of sustainability that they are focusing on, it is difficult to say how successful these attempts are; especially given suburbia's paradoxical situation.
To begin addressing sustainability in suburbia, the challenging question remains, how do we densify and at the same time maintain the quality of suburbia? How do we redesign existing suburbs, but generate more sustainable living? How do we capture the quality of suburban spaces and go beyond the oversimplifying measures of suburb densification?
This paper aims to open the discussion of the above issues and uses the example of Canberra's recently developed suburb Franklin that is claiming to be sustainable. We aim to take the discussion beyond the usual way of looking at the simple densification of suburbs. We argue that the boundary between public and private spaces provides a basis for the qualitative character of suburbia, and that the structure of this space can be used as a framework to discuss sustainable living in suburbia. The paper aims to map and analyse the boundary space between built and un-built spaces and tests if public-private interface spaces could reveal some of the qualitative aspects of suburbia and provide an overview of sustainability beyond simple densification measures. The aim of the paper is not to promote sustainability of suburbia, but to provide a framework for discussion if the concept of suburbia were to be transformed to be sustainable without losing its essential qualities.
To open the discussion on quality and the challenges of suburban living, we will first examine the relationship between urban and rural; outline a concept of urbanity and connection with landscape, and their manifestations within the public-private boundary spaces. This relationship is also very important for the context of Canberra, as it was designed with the strong consideration of the landscape where the "bush" has also become an important part of the city identity (Vernon, 2006) . Secondly, the paper will define the public-private interface spaces and generate types based on the fieldwork observations.
PUBLIC-PRIVATE INTERFACE AND RELATIONSHIP BETWEEN URBAN AND RURAL
The discussion between urban and rural spaces is not a new one. At the beginning of 20th century there was a considerable shift from urban and dense conditions in cities as a response to overcrowding, diseases and difficult living situations (Choay, 1969) . This is when the idea of urban, considered as positive and sophisticated way of life (Ramage, 1973) , has started to change its meaning. With the industrial revolution and migration to cities, nature has gained importance in everyday life in the cities. This period can be characterized by some of the most prominent plans from Ebenezer Howard, Le Corbusier and Frank Lloyd Wright, all focusing on a way to bring nature back into the city and deal with overcrowding.
Those responses to the overcrowding could be grouped into two major categories, depending on the relationship to the landscape (the ground). One response is the horizontal spread of the city with lower density and organization around the centres of activity and networks. The idea central to this approach is keeping the connection with the ground and organizing everything horizontally. One of the most prominent concepts of this kind was Garden Cities (Aalen, 1992) . The Garden City concept was developed in England to reduce density and regain the connection to nature. The main characteristics of the proposed diagrammatic idea of the Garden City were around zoning that separated centres of activity such as residential and industry, with limitations in density, planned parks and connection to green spaces (Ward, 1992) . It might be argued that suburbia belongs to this category of development. The second extreme approach deals with the vertical city and its connection with the sky. The expansion of the city is thus vertical and promotes high density (for example Le Corbusier's plans for Contemporary City for Three Million People).
Development of suburbs has its place within this dichotomy between urban and rural aspects of the city. Although the perception of suburban developments has been shifting from pro to anti-suburbia, where positive aspects of democracy, freedom and escape from the urbanity and industrial city have changed to fairly negative views at suburban developments within frameworks of sustainability (Davison, 2006: 208) , suburban developments keep expanding and creating the problems of sprawl. In Australia, Davison argues that suburbia is where Australian identity is created, influencing "Australian self-understanding" (2006: 207) . Suburbia promotes the importance of nature and connection to the land, but it is also generating sprawl through its consumerist approach to mass production and car dependence.
One of the most important parameters that define suburbia is the private aspect of everyday life, the idea of the detached house and a connection to the landscape. Thus, it could be argued that the central element ensuring the quality of suburban life is the way in which the house meets the ground, firstly, the threshold between public and private spaces and secondly private garden. It is this aspect of sustainable suburbia that will be the most affected with densification. That is why this paper is exploring the question of the level of densification in relation to the interface space and discusses when dense becomes too dense and loses the liveable aspects of suburbia.
Public private interface is defined as the space between the public of the street and the private spaces in the house. This threshold space is recognised as the most important space in architecture, with some theories arguing that this is the space where architecture emerges, as it not only defines how the building contributes to the city but also how people experience the private space of the house. In addition, this space is identified as the space that needs to be carefully considered by urban planners and architects (Bobic, 2004: 46) . The way in which this space is generated, defines the atmosphere and level of urbanity of the city (see for example Jacobs (1961 ), Gehl (2011 ). This boundary space consists of interface area and transition area. Interface area is the space that stands between building and the public space, for example the front garden of residential houses. Transition area, is the point where interior and exterior spaces meet, such as entrance point (Bobic, 2004) .
METHODS AND CASE STUDY
To open the discussion on sustainable suburbia from a qualitative perspective, this paper will use the case study approach and outline the relationship between density and public-private interface. The hypothesis is that results from comparative analysis will demonstrate firstly the importance of the thresholds to understand sustainability beyond energy efficiency, and secondly, the directions of sustainable suburban developments in Canberra. Latter results are of a subordinate nature, as we have been testing the methods for analysis, rather than trying to generate conclusions about Canberra. To have more solid conclusions about state of suburbia in Canberra, we would need to study all new developments and compare them with the old suburbs. Since the aim of this study is to discuss how to approach the sustainability of suburbia, at this stage we are testing the methods.
The paper uses mapping of public-private interface and density as elements to analyse sustainability and suburban character. Public-private interface is proposed in this analysis as a tool for understanding the relationship between sustainability and liveability. This element is compared with the integrated methodological approach combining the density and behavioural observations usually applied in discussions of sustainable cities. To define public-private interface, the paper uses sectional analysis and generates eight main types of transitional spaces that are identified during the fieldwork and analyses them through sectional drawing and mapping. Types are defined based on size of the threshold and character of the build space. Permeability of the interface was not considered, as most of the types had the same low permeability characteristics, and as such this quality was omitted from the generation of types. The number and sizes of types were mapped and visualised to define the density and character. Public-private interface is, for this study, considered as the space between two buildings, comprising the space of the street or public green and spaces in between the street and the building itself. This was due to the convenience of the mapping and obvious connection and fluidity of the spaces on both sides of the streets. Density is measured through morphological study that focuses on the build form and population.
Behavioural observations were conducted in four strategically selected locations ( The observations were conducted during four weeks period in Jun 2017 and comprise both weekdays and weekends. The direct and counting observations occurred in 15min counting sessions followed with 15min direct observation sessions to capture both peak and after peak activities following the adapted approach by Jan Gehl (Gehl and Svarre, 2013) . All the results are represented through maps, demonstrating not only a visualising tool, but a tool that enables comparison of results.
The density data was gathered from document analysis and statistical data of government reports, direct observation and recordings from the fieldwork. The comparison between public-private types and density and behavioural analysis provide the basis for the discussion on the evaluation of sustainability and questions of sustainable suburbia. Data for maps was derived from ACT Government Open Geospatial Data and were mapped and visualised using Arc GIS 10 software.
The case study was selected as one of the recent suburbs built in Canberra that is claiming to apply the sustainability agenda for the city development. Canberra is a designed city that follows some of the principles of Garden City and City Beautiful Movement (Headon, 2013) . These aspects are bringing together the importance of the landscape and connection with nature that were incorporated from the beginning of the plan for the city (Taylor, 2007; Watson, 1927) . In addition, suburbia has an important place in Australian cities. Thus, it is a good place to test some of the ideas of sustainable urban form, as the city was designed to incorporate low density and connection to the nature; the Bush Capital (Vernon, 2006) . While this city structure was aimed to have the connection with land, sprawl in recent decades has created car dependency. There have been attempts to achieve more sustainable living in Canberra and the ACT (2012) Government has adopted a plan that focuses on a more compact approach to building, working towards more sustainable suburbia. This aligns with the recent "Time to Talk Canberra 2030: Outcomes Report" which showed that people desire more dense, accessible and connected suburbs (ACT Government and Elton Consulting, 2010). As such, the ACT Government has been integrating sustainable approaches through a focus on social properties or sustainable communities (ACT Government, 2012; 2008) . Table 1 indicating the changes in suburb density and morphology over time.
Franklin has been designed to provide a variety of housing options to accommodate the growth following "new sustainable suburbs" agenda developed under the ACT Government. The structure of the residential typology is 50.5% single detached dwellings, 30.5% apartments, and 19% of semi-detached or townhouse dwellings (ABS, 2017a). The suburb also follows the connectedness and public transport accessibility required by ACT Government (2008).
In addition to residential types, Franklin also has its own local shops, school and recreational facilities, with open spaces and natural landscape incorporated to meet the requirements outlined as part of Canberra's identity. The proximity of Gungahlin, a major central node for North Canberra, orientates Franklin towards local mobility (for example, 43.2% of the surrounding suburb population, among which is Franklin, is employed in Gungahlin town centre according to ACT Government, 2012) . Franklin is also located in the proximity of Civic (a central commercial and office district in Canberra) and Mitchell (an industrial suburb in Canberra). As it belongs to RZ3 urban residential zone categorisation in accordance with "Territory Plan", this provides predominantly residential, low to medium density (RZ3-Urban Residential Zone (ACT), 2016, 1). However, Franklin also has RZ5 mixed-use zones that are fostering higher density residential development, with better accessibility and public transport, "efficient and sustainable urban environment", "using the best practice environmentally sustainable development principles" and encouraging street activity (CZ5 Mixed Use Zone (ACT), 2016, 1). The neighbourhood centre is around recreational facility that serves as community centre and other commercial facilities are located in the mixed-use developments (Figure 2 ). The suburb also has RZ4 medium-density residential zones and CZ4 local culture zones. All these zones are designed to generate a sense of community and certain level of locality and independence. Thus, Franklin is selected as representative of sustainable processes accepted in Canberra's recent suburban developments.
ANALYSIS AND RESULTS

Density
Residential density in Franklin is 16.74 dwellings per hectare, which belongs to the lowdensity development range. In addition, single dwellings comprise 50.5% of the built form (ABS, 2017a) (Figure 2 ). The sizes of plots in Franklin are 300-500m2 indicating higher density compared with other suburbs in Canberra. However, this is a general trend found in new suburbs that reduces the size of plot and increases the size of the house, thus generating smaller and smaller backyards (Hall, 2015) . Appearing to increase in density is not an actual increase, but increase in building area ratio. Overall, density data in Franklin showed that this suburb is statistically denser than earlier Canberra suburbs, but on the ground is visually not much different from suburbs in Canberra, planned and built before the implementation of sustainability agendas.
In addition to the low density of built environment, Franklin has vast amounts of public open spaces, with approximately 47 hectares easily accessible and spread throughout the whole suburb (Figure 3) . With a population of 6419 people, the amount of green space, in the form of natural landscape, recreational park and natural grassland (Figure 4) , is more than double the recommended Australian Standard of 3 ha every 1000 people (Ambrey & Fleming, 2014) . This means that there is enough space for significant increase in population. 
Behavioural Analysis
Based on the study conducted in 2017 there were four main activities in the space observable: vehicle traffic, cycling, walking and ruining, kids play and people with pram and people waiting for bus. There were significant differences in numbers of cars during the weekday and weekend, the numbers plunging to more than a half during the weekend. However, in all cases the number of vehicles has been significantly larger than number of pedestrians in the street. There were substantial differences in the number of people present on the street, the largest of those were located in the observation area 2 comprising 26% of all activities. This space is located close to community areas; thus it was expected to have larger numbers, however, they are very low, compared to car traffic. The completely residential space in area 4 demonstrates very low pedestrian activities. Area 3 shows moderate activities, which are connected to the open green space and similarly, area 1 which is located in proximity to mixed-use spaces has moderate pedestrian activity ( Figure 5 ). 
Public-private interface analysis
The analysis of open and built spaces as part of the public-private interface indicates that there is large amount of public open space and fairly small amounts of private open space. The types of street section demonstrate the condition in suburb ( Figure 6 and Table 2. ).
There were eight types of boundary spaces identified in the suburb, based on the size of the interface area and the condition of the transition area.
The results of mapping the types of transitional spaces show that the most dominant type of the boundary space is type 2 covering 51.5% of the area. It is followed with type 1 (30%), type 3 (9%), type 4 (3.5%), type 5 (3%), type 7 (2%), type 8 and type 6 (less than 1%) of the whole interface area (Figure 7) . We might argue that type 1 is the space that comprises that essential quality of connection to the green spaces to the land; despite the fact that this green space is public. On the other hand, type 2 still preserves some of the qualities of the connection with the ground, but limited by the street and without extension beyond it. Both types are promoting low density. Furthermore, all the interface types with higher density are disconnected from the ground, instead generating a visual connection to the sky. Thus, the street space becomes only transport space, without extension of the private space into the public, and therefore loses the character of suburbia, the connection to the ground and semiprivate space, as well as neighbourhood feeling. At the same time, that boundary does not create the sense of urbanity, as the street becomes only transient area to go through. The protection of private space in the apartment building, due to the proximity of the public and higher density, does not generate sense of urbanity nor a sense of suburban qualities. Marked between single dwelling and townhouse. Physical boundary is denoted on the pavement for the single-family house and the townhouse defines a wall generating a visual barrier from the street. While visual and psychological barriers extend to the street, the townhouse is clearly separated with the wall. Visual connection happens on the first floor and it is cut off at the ground level.
Single family house has direct entrance from the street. Townhouse entrance happens on the wall barrier in front of the house. type 4
Marked between two townhouses. The boundary is clearly defined with the fence. Visual boundary is marked with the fence on the ground level and extends from the first floor to the street. Physiological boundary overlaps with physical boundary. 
CONCLUSION
Comparison of the density, behaviour and public-private interface results shows that there are similarities in analysis' outcomes (such as the fact that single dwellings were present in 50.5% of dwellings and that type 2 comprises similarly 51.5% of interfaces). Observational studies have shown an expected outcome, in that where there is very low pedestrian activity on the street there is greater car dominance. The studies also indicated that most pedestrian activity occurred within the proximity of communal spaces and open green spaces. However, the interface results reveal detailed information about the quality of the spaces in the suburb. According to density information, we could conclude that for Franklin to be more sustainable, it should increase its density. Similarly, according to behavioural study we could conclude that Franklin needs more mixed-use spaces to have more sustainable mobility and lifestyle. Nevertheless, results deriving from public private interface show that considering aspects of liveability and suburbia, the conclusion is not that simple.
Analysis of already densified interface types (6-8), demonstrates that they are not providing suburban nor urban qualities. The results show that main quality of suburbia is lost already in type 1 and 2 because of the limitation of private green spaces. The public open green space compensates for that lost (such as in type 1). However, the vast amount of open space is grouped and generates more of a barrier than a sense of connection and community in the suburb. Thus, instead of providing a positive effect for processes of reduction of the private land and possibility for higher density, it seems to be having the opposite outcome of generating even less sustainable conditions. Nevertheless, in relationship with the single dwelling (type 1), it extends the private sphere of the house and thus contributes to quality of private spaces connection to landscape. Thus, we might argue that open public green space has the potential to act as essential in preserving the quality of suburbia. The way in which it is designed could be reconsidered from the aspects of size and accessibility, so that it does not create a barrier but can be accessible from most of the dwelling units.
Furthermore, an important aspect revealed from the public-private interface study is related with the connection to ground. Making the blocks smaller and houses larger reduces the size of private garden, thus the connection with ground starts to diminish. Therefore, the front public-private interface becomes an important space that connects to the ground.
There is also misunderstanding that density affects the qualities of suburban connection to the landscape in which those qualities are lost. That disconnection is happening before the density is reached as part of the new developments, developments that reduce the size of the plot and disconnect the house from the street under the goal of the protection of privacy and better comfort.
Furthermore, introducing densification of suburbia does not really generate dense enough spaces, nor does it preserve the quality of suburban life. We need to consider the quality of the connection to the ground to enhance sustainability; otherwise we will end up repeating the developments of compact cities (in the best case scenario). Densification of suburbia might be the solution towards more sustainable future of our cities, however, that densification needs to be reconsidered from the aspects of public-private interface, if we still want to build sustainable suburbia.
